Hepatitis B virus (HBV) infection leads to severe liver disease and is one of the main causes of hepatocellular carcinomarelated mortality. Although the prevalence of HBV infection has decreased markedly with the effective application of vaccines, it's still an arduous task to clear the hepatitis B surface antigen after routine antiviral therapy, as the viral rebound often occurs after therapy withdrawal. Therefore, the situation of dealing with HBV infection is still challenging.
Hepatitis B virus (HBV) infection leads to severe liver disease and is one of the main causes of hepatocellular carcinomarelated mortality. Although the prevalence of HBV infection has decreased markedly with the effective application of vaccines, it's still an arduous task to clear the hepatitis B surface antigen after routine antiviral therapy, as the viral rebound often occurs after therapy withdrawal. Therefore, the situation of dealing with HBV infection is still challenging. 1 As such, eliminating HBV infection has become an important task for governments all over the world. In 2016, the Global Health Sector Strategy on Viral Hepatitis was approved by the World Health Assembly to eliminate the HBV infection by 2030. 2 Accumulated studies have illuminated the processes underlying the HBV replication cycle, which has provided the important insight into the detailed action of the HBV lifestyle that has promoted development of therapeutic strategies against HBV infection. HBV infection begins with the lowaffinity interaction between HBV and the heparin sulfate proteoglycans located on the host hepatocytes, followed by HBV binding to the sodium taurocholate cotransporting polypeptide and then its entry into the hepatocytes. 3 The HBV genome is a relaxed circular DNA with a length of 3.2 kb, which can be transported into the nuclear compartment in its nucleocapsid form after entry into the hepatocytes.
The relaxed circular DNA can be converted into closed covalent circular DNA (cccDNA), which exists in the nuclei of infected cells and can generate offspring virus. In the nucleus, cccDNA can transcribe to HBV pregenomic RNA, S RNAs for S proteins, and X RNA for HBx protein. In the patients positive for hepatitis B surface antigen (commonly referred to as HBsAb), the amounts of cccDNA could become reduced with treatment of antiviral therapy but the reduction will be modest. What's more, the cccDNA can be monitored in the liver of patients who recovered from HBV infection decades ago. [4] [5] [6] After the HBV infection, the innate immune and adaptive immune systems are activated and initiate antiviral responses, like those involving interferon (IFN)-g and TNF-a that are produced by T cells, thereby decreasing the levels of HBV cccDNA, but the elimination of HBV cccDNA is difficult to achieve. 7 As the intermediate of HBV replication, cccDNA contributes to the persistence of HBV replication due to the biological mechanism of cccDNA formation, which itself remains unclear. Eliminating the cccDNA is critical to cure the HBV infection. 8 Recently, Zhu et al. 9 conducted a systemic review of HBV cccDNA and its potential role as the therapeutic target of HBV infection. Pegylated-IFNa and nucleotide analogues (NAs) are the standard therapy methods, currently. Tang et al. 10 reported that IFNa exerts a significant effect on the longterm and sustainable suppression of cccDNA transcription, which may due to the alteration of epigenetic modifications of cccDNA minichromosomes. NAs can inhibit HBV replication by targeting the viral RNA-dependent DNA polymerase, and several NAs, such as lamivudine, entecavir, telbivudine and so on, have been approved for clinical use. Although an effective antiviral response has been observed with the use of IFNa and NAs, the cccDNA still could not be cleared completely, at present. 10 Zhu et al. 9 reviewed several gene therapy strategies that have been proposed to disable HBV cccDNA (Fig. 1) . The first therapeutic strategy involves the gene editing techniques, such as those based on zinc finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENs), and the clustered regularly interspaced short palindromic repeats/ CRISPR associated system (CRISPR/Cas). Three ZFNs targeting the HBV polymerase, gene X and core were designed and delivered into the HepAD38 cells by Weber et al., 11 and they found that sustained suppression of HBV could be achieved by the HBV-targeted ZFNs in the HepAD38 cells. TALENs are similar to ZFNs and have been used in several studies to investigate their antiviral effects. The results showed that TALENs can reduce the cccDNA molecules effectively in cultured cell lines. The CRISPR/Cas system, used as a genome-editing tool, was shown to cleave DNA with sequence-specificity. Several studies have demonstrated that the CRISPR/Cas system can efficiently destroy the HBV cccDNA. Importantly, in this review, the authors pointed out some defects that should be overcome before the gene editing techniques can be applied in the clinical treatment of HBV infection. First, the specificity of the ZFNs must be ensured. Second, the TALENs should be delivered into the cells effectively. Third, the CRISPR/Cas9 system must be delivered into the cells effectively and the off-target effect must be solved.
The second therapeutic strategy is to silence cccDNA transcription via epigenetic modifications. Results from a previous study indicated that DNA methylation and histone acetylation are required for cccDNA, so it's promising to regulate the DNA methylation or histone acetylation to eliminate the cccDNA. Belloni et al. 12 reported that the acetylation of cccDNA-bound histones could be decreased and the transcription of HBV cccDNA could be repressed by IFNa. It has also been reported that CpG methylation can regulate the transcription of HBV cccDNA during chronic HBV infection, and that CpG island II methylation can decrease cccDNA transcription and subsequent viral core DNA replication. 13 The acetylation status of HBV cccDNAbound histone 3 and histone can affect the HBV replication. Wei et al.
14 reported that curcumin could repress HBV replication by decreasing the cccDNA-bound histone acetylation. These conclusions suggested that epigenetic modifications could be regarded as the potential therapeutic target to eliminate HBV cccDNA.
In summary, HBV infection, representing the most severe chronic liver disease in the world, cannot be ignored. Although some antiviral medicines, like pegylated-IFNa and NAs, have been approved for the clinical treatment of HBV, the persistent existence of cccDNA and the frequent rebound of HBV after treatment withdrawal still need to be overcome in the future. Gene editing and epigenetic modification techniques have displayed their bright prospect, but the deficiency of these therapeutic methods should be resolved in further studies. In addition, new therapeutic strategies targeting the HBV cccDNA should be explored in order to realize the goal of eliminating HBV infection by 2030.
